Objective: To assess the accuracy of six ambulatory blood pressure measuring systems at low, medium and high blood pressures.
Introduction
Ambulatory blood pressure measurement, which was confined to research for many years, is now an accepted method of investigation in c h c a l practice [l] . I t is therefore not surprising that an increasing number of ambulatory systems are becoming available. Because these devices are technically complex and expensive, it is important that they are validated thoroughly [2] . In an effort to ensure that such devices are manufactured to meet the requirements of c hcal practice, the British Hypertension Society (BHS) published a comprehensive protocol for the e d u ation of blood pressure measuring devices with special reference to ambulatory systems Table 2 , together with the cumulative percentages for the 5-mmHg band. An example of the plotting of data is shown in Fig. 1 for systolic blood pressure for the Takeda TM-2420. 
Results
On overall anasis across the blood pressure range as recommended in the BHS protocol [3], the CH-Dmck achieved A gradng for both systolic and diastolic blood pressure, the Proflomat acheved B grading for systolic and A grading for diastolic blood pressure, the SpaceLabs 90207 achieved B grading for both systolic and diastolic blood pressure, the DIASYS 200R achieved a C grading for both qstolic and diastolic blood pressure, the Pressurometer N achieved a C grading for systolic and a D grading for diastolic blood pressure, and the Takeda TM-2420 achieved a D When the data are analysed according to tertiles of blood pressure for low, medium and high pressure ranges, all six devices maintained their overall grading or improved them slightly in the low and medium pressure ranges, but in the high pressure range the CH-Dmck slipped from an overall AiA grading to B/C in the hgh pressure range, the Profilomat from B/'A to C/D, the SpaceIabs from B/B to WC, the Pressurometer N from C/D to Di' D, with the Takeda remaining unchanged with a D grading but the results within this grading were worse in the higher pressure range. and the Novacor rose from C,'C to C B.
Discussion
In previous validation studies of ambulatory systems using the BHS protocol [3] we observed a tendency for ambulatory systems to become less accurate nich increasing blood pressure levels [+g] . However, the BHS protocol, although stipulating the necessity of including subjects with blood pressures in the Ion-, medium and hgh ranges, does not provide for separate analysis within these ranges [3] . We therefore reanalysed the original results of our \didation studies of the CH-Druck, Profilomat, SpaceIabs 90207, Novacor DIASYS 200R. Del hlar A~ionics Pressurometer IV and Takeda TM-2420 ambulatory blood pressure measuring systems to determine whether the blood pressure level does iduence accuracy. In the original vddation studies the CH-Druck and Profilomat were the only systems to achieve a grade A rating, and the Pressurometer h ' and Takeda Thi-2420 were the only systems to obtain a grade D rating. However, when the results are re-analysed according to the blood pressure level none of the six devices achieve an h grading in the high pressure range, the highest grade achieved being B for systolic blood pressure (CH-Druck) and B for diastolic blood pressure (Novacor DIASYS 300R). - The results suggest that all six ambulatory devices are less accurate in subjects whose blood pressures at entry to the validation study are > 160! 100 mmHg. This finding has obvious implications, as amhulatoq blood pressure measuring devices are used most often in clinical practice to determine a diagnosis or to assess the efficacy of antih~pertensive drug treatment in patients mhose blood pressure may be in the range in whch these devices are least accurate. However, it must be emphsized that esperience in interpreting data for blood pressure ranges is limited, and the number of subjects included for analysis is necessarily considerably lower than that used for the overall analysis, Athough it would be preferred to have 85 patients in each tertiie of blood pressure rar.ge, the feasibility of doing such a vahdation is daunting, and we believe that the trend for deteriorating accuracy in the higher blood pressure ranges demonstrated in this analysis is one that potential users should be aware of and to which manufacturers should attention. Furthermore, both the Association for d~e .+Idvancement of Medical Instrumentation [l01 and BHS [3] validation procedures may mask the important influence of blood pressure level on device accuracy, and future revisions should make provision for analysis by blood pressure level. In choosing an ambulatory system, consideration must be given to the accuracy of the debice in measuring the blood pressure levels likely to be encountered in the subjects in whom ambulatory blood pressure is being measured. On the basis of these results, the CH-Druck emerges as the most accurate ambulatory system across the blood pressure range, although it does not perform as well in the higher pressure range as in the melum and low pressure ranges. The SpaceLabs 90207 is accurate in the low and medium pressure ranges but drops to C grachg in the high pressure range, marginally less than the CH-Druck, h c h achieves B,:C grading in that range. When accurac) of measurement is required across the whole blood pressure range, it would seem from tertiie analysis that the only devices to be recommended from the six tested are the CH-Druck and SpaceIabs 90207.
If blood pressures only in the low and medium ranges are to be measured, a wider selection of ambulatory systems become available because, in addition to the CH-Druck and SpaceIabs 90207, the Profilomat and Novacor DIASYS 200R may be recommended.
